University of Memphis

University of Memphis Digital Commons
Electronic Theses and Dissertations
4-19-2017

Geostatistical Analysis of the Water Table Aquifer in Shelby
County, Tennessee
Benjamin Tanner Ogletree

Follow this and additional works at: https://digitalcommons.memphis.edu/etd

Recommended Citation
Ogletree, Benjamin Tanner, "Geostatistical Analysis of the Water Table Aquifer in Shelby County,
Tennessee" (2017). Electronic Theses and Dissertations. 1634.
https://digitalcommons.memphis.edu/etd/1634

This Thesis is brought to you for free and open access by University of Memphis Digital Commons. It has been
accepted for inclusion in Electronic Theses and Dissertations by an authorized administrator of University of
Memphis Digital Commons. For more information, please contact khggerty@memphis.edu.

GEOSTATISTICAL ANALYSIS OF THE WATER TABLE AQUIFER IN SHELBY
COUNTY, TENNESSEE
by
Benjamin Tanner Ogletree

A Thesis
Submitted in Partial Fulfillment of the
Requirements for the Degree of
Master of Science

Major: Civil Engineering

The University of Memphis
May 2016

ABSTRACT
Groundwater from the Memphis aquifer is the primary source of drinking water in Shelby
County, Tennessee. The Memphis aquifer is overlain and confined by the Jackson-upper
Claiborne confining unit, which separates the shallow and Memphis aquifers throughout most of
the county. However, there are areas where the confining unit is thin or absent, creating windows
that allow water to flow from the shallow, unconfined aquifer, recharging the confined Memphis
aquifer.
A water-table map of the shallow aquifer and the unconfined portion of the Memphis
aquifer in Shelby County was created using water-level data collected during October 2015,
including groundwater elevations from 122 wells, surface water elevations from 55 bridge
crossings, and historical groundwater elevations from 62 wells measured within the last five
years (2010-2015). The water-table map was developed using GIS tools and contouring
methods, and compared to previous maps completed in 1988 and 2005. Comparison with the
previous maps highlights changes in water-table elevations as well as anomalous depressions in
the water table that would signify absence of the confining unit and a potential window location.
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1. INTRODUCTION
Groundwater is the sole source of water for municipal, industrial, and commercial uses in
the Memphis area, Shelby County, Tennessee. The Memphis aquifer and, to a lesser degree, the
underlying Fort Pillow aquifer, are the principal sources of water in the Memphis area, from
which over 200 Mgal/d are pumped (Maupin et al., 2014). Throughout most of Shelby County,
the Memphis aquifer is overlain and confined by relatively thick clay formations that make up
the upper part of the Claiborne Group (Table 1). However, at some locations in Shelby County,
the confining unit is thin, sandy, or absent, creating “windows” where the Memphis aquifer is
hydraulically connected with shallower water-bearing units that are the primary components of
the water-table aquifer (Parks, 1990; Bradley, 1991; Parks et al., 1995; Carmichael et al., 1997;
Larsen et al., 2003; Waldron et al., 2009). Where these windows occur, they provide potential
pathways for downward movement of water from the water-table aquifer to the underlying
Memphis aquifer (Graham and Parks, 1986; Parks, 1990). Because the water table aquifer is
known to be contaminated or to contain water of lower overall quality than the Memphis aquifer,
efforts have been made to identify the locations of these windows (Parks, 1990; Parks and
Mirecki, 1992; Parks et al., 1995; Larsen et al., 2003; Gentry et al., 2006; Barlow et al., 2011).
Water-table maps of the shallow aquifer (Graham and Parks, 1986; Parks, 1990; Narsimha,
2007) have identified depressions in the water table that indicate locations where the confining
unit is thin or absent, and leakage from the water-table aquifer to the Memphis aquifer is
occurring. This research project applies a geostatistical methodology (Snyder, 2008) to create a
water-table map for Shelby County from water level data measured in the fall of 2015. In
addition, the same methodology is applied to water level data from fall 2005, to create a
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comparable water-table surface, which allows for the analysis of variations in elevation between
2005 and 2015.
2. WATER TABLE AQUIFER
Several hydrogeologic units comprise the water-table aquifer in Shelby County (Table 1).
From youngest to oldest, these units include Holocene and Pleistocene-age alluvium beneath the
Mississippi Alluvial Plain and the valleys of its major tributaries in the area and Pleistocene and
Pliocene-age fluvial (terrace) deposits in the interstream areas of the Gulf Coastal Plain section
of the Coastal Plain physiographic province and to a lesser areal extent, the uppermost part of the
Tertiary-age Memphis Sand (Memphis aquifer) where the aquifer is unconfined in the
southeastern part of the County.
West of the bluffs that form the transition between the Mississippi Alluvial Plain and
Gulf Coastal Plain, the water-table aquifer consists of the alluvium of the Mississippi River
Valley alluvial aquifer (Lloyd and Lyke, 1995). East of the bluff, the water-table aquifer
primarily includes the alluvial deposits in the valleys of major streams draining the area,
including the Loosahatchie River, Wolf River, and Nonconnah Creek, as well as the fluvial
deposits that underlie uplands and valley slopes. Where the alluvium and fluvial deposits grade
laterally into one another and are hydraulically connected, they constitute the alluvial-fluvial
deposits aquifer (part of the water-table aquifer; Carmichael et al., 1997). In this report, the
upper part of the Memphis aquifer in southeastern Shelby County is included as part of the
water-table aquifer because it is unconfined and the overlying fluvial deposits have no significant
saturated thickness (Parks, 1990).
Recharge to the water-table aquifer occurs primarily by infiltration of rainfall from the
land surface, either directly into the alluvium where it occurs at land surface, or into the loess
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where it overlies the fluvial deposits (Table 1). The water-table aquifer is hydraulically
connected to local streams (i.e., Loosahatchie River, Wolf River and Nonconnah Creek; Nyman,
1965; Bradley, 1991; Urbano et al., 2005; Larsen et al., 2013), and discharge of groundwater
from the aquifer occurs primarily as baseflow to streams. Along some reaches in eastern Shelby
County, the Wolf River and Nonconnah Creek lose water to the water-table aquifer (Nyman,
1965; Bradley, 1991; Larsen et al., 2013). The loss in streamflow is driven by downward
vertical gradients that have developed between the streams, the water-table aquifer, and the
Memphis aquifer as a result of withdrawals from the Memphis aquifer. The downward gradient
causes downward leakage of water through windows in the confining unit, or where downward
gradients exist in areas where streams are hydraulically connected to the water-table aquifer in
the unconfined portion of the Memphis aquifer (Nyman, 1965; Graham and Parks, 1986; Parks,
1990; Bradley, 1991; Larsen et al., 2013). Water levels in the water-table aquifer fluctuate
seasonally typically less than 10 feet, with the highest levels generally observed in winter and
spring and the lowest in the summer and fall (Brahana and Broshears, 1989; Parks, 1990).
The 2005 water level survey (WLS) followed the only prior investigation of the watertable that also included the Memphis aquifer. A state of the groundwater system was performed
in 2005, which included the water-table aquifer, Memphis aquifer, and Fort Pillow aquifer
(Narsimha, 2007). The 2015 WLS mimicked the 2005 survey, but aimed to improve the
availability of data in a given area (well control) throughout the county.
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3. METHODOLOGY
3.1 Water Level Locations and GIS Database Preparation
A well database schema was developed and tested for data entry and consistency. Data
collection methodology and point data from the 2005 WLS were reviewed regarding
repeatability for the current effort. The 2005 WLS used 156 wells (both private and public), 42
historical locations, and 56 bridge locations. A historic location is representative of Tennessee
Department of Environment and Conservation (TDEC) regulated sites, which included water
level measurements taken from onsite monitoring wells. Bridge locations involved taking a
stream elevation measurement from a fastened L-bracket located on the bridge sidewall. It was
assumed that streams were gaining at the time of measurement (late fall). Well control was best
in the urban areas and worse in the rural parts of the county. Private wells provided the best
means of control in the rural areas, yet due to their lack in number water levels had to be
inferred.
Similar conditions were encountered in the 2015 WLS, using again public/private wells,
historic locations and bridge crossings; however, well control changed. The number of private
wells available varied, because some of them were abandoned, while there were property access
issues in others. Field reconnaissance in September 2015 indicated that L-brackets were missing
at 6 bridges. These were replaced and an additional 9 new bridge sites were fitted with Lbrackets. These bridge locations were revisited with a survey-grade GPS device (Trimble R8) to
collect measuring point location and elevation for each L-bracket. An additional 23 well
locations were appended to the 2005 well list, in an effort to increase well control.
Once the initial database of WLS locations was complete, an in-field mobile data collection
application (Collector for ESRI ArcGIS®) was used to record water level measurements during
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the 2015 WLS. Previous efforts recorded information on paper, which then required transcribing
field notes to a GIS database, taking more time and increasing the potential for errors. Collector
helped minimize transcribing errors and increased efficiency, as well as allowing for detached
editing that could be synced to a geodatabase once back at the office.
3.2 Field Data Collection
3.2.1 Procedures
Water levels were collected from late September to early November 2015, because this is
the dry season for the area, when water levels are typically at their lowest. Water level
measurement protocols varied based on the type of measurement being made: well or bridge.
Historic water levels are discussed in a later section. Well water level were measured with a
water level meter following USGS technical procedures outlined by Cunningham and Shalk
(2011):
•

Remove cap/port and allow for the water level to equilibrate

•

Take water level measurement

•

Record data on a tablet running ESRI® Collector and a field data sheet

•

Take measurements from predefined measuring point or from the north-side of the well

•

Measure distance from ground surface to the measuring point

•

Take photograph(s) of the location and any other features pertinent to locating or measuring the
well

•

Decontaminate water level meter with liquinox and rinse with deionized water

•

Secure well cap/port
Obtaining water level measurements at bridge locations involved the following steps:

•

Locate measuring bracket and ensure it is in good condition
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•

Take water level measurement from bracket or another predetermined location that is easily
identifiable

•

Record data on a tablet running ESRI® Collector and a field data sheet

•

Take photograph(s) of the location and any other features pertinent to locating or measuring the
bridge location

•

Decontaminate water level meter with liquinox and rinse with deionized water
3.2.2 Water Level Data Collection
Within a 1.5 month time period, a total of 237 data sites were visited, though not all sites
resulted in a water level measurement due to a variety of reasons including: inability to access to
private property, inability to locate the well, or the fact that a well surveyed in 2005 had since
been abandoned or destroyed. Field teams were trained to ensure consistency in the data
collection process.
3.3 Historical Data Collection
The distribution of physical observation wells and bridge-stream crossing indicated
sections of the county where water level control was lacking. To fill these data gaps, historical
water levels records from monitored contaminated sites were reviewed. Approximately 230 sites
from the TDEC Division of Underground Storage Tanks (UST), Division of Remediation, and
Division of Solid and Hazardous Wastes were queried for well construction and water level
information that adhered to the following restrictions: (1) water levels were taken between midSeptember to mid-November, 2010 to 2015; (2) wells were screened within the shallow aquifer;
and (3) well locations could be obtained from reports.
The second restriction was the most problematic as some wells were emplaced too
shallow so that water levels represented a perched condition. Boring logs of the monitoring
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wells supplemented the decision process to ensure water levels were representative of the
shallow aquifer.
3.3.1 Empirical Bayesian Kriging
Of the common interpolation methods available, such as inverse distance weighted,
spline, and kriging, empirical Bayesian kriging (EBK) was chosen due to the advantages it offers
over alternative kriging methods. One advantage is its ability to account for error introduced
when estimating the semivariogram. It accomplishes this by estimating and then using many
semivariogram models rather than just one (Krivoruchko, 2012). ESRI ArcGIS® Geostatistical
Analyst performed the interpolation as described in Krivoruchko (2012), following these steps:
1. A semivariogram model was estimated from data by calculating half the average squared
difference of the values of all the pairs of measurements at locations separated by a given
distance h and was then plotted on the y-axis against the separation distance h.
2. Using this semivariogram, a new value was simulated at each input data location.
3. A new semivariogram model was estimated from the simulated data. A weight for this
semivariogram was then calculated using Bayes’ rule, which stipulates how likely the observed
data can be generated using the simulated data semivariogram.
Another advantage of EBK is that because it automatically calculates parameters through a
process of subsetting and simulations, it requires minimal user input; making it ideal for use in
an automated process (ESRI, 2017). This allowed the surface creation methodology to be
incorporated into a toolbox in ArcGIS using ModelBuilder, which will simplify the process for
any other users interested in using the methodology for future water table surveys.
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3.3.2 Surface Creation Methodology
The water table surface is strongly correlated with the ground surface elevation: the
correlation coefficients for the 2005 and 2015 shallow aquifer surveys are r = 0.810 and r =
0.812, respectively. The previous efforts of mapping the water-table aquifer in 1988 and 2005
used either water level elevation or depth to water measurements to create an estimated water
table surface (Parks, 1990). Although the two measurements will be the same at measured data
points, the interpolated surfaces begin to vary greatly as the distance from control points
increases (Snyder, 2008). This divergence results in a depth to water surface that is too low under
valleys and too high along hills. Conversely, the water table elevation surface is too high under
valleys and too low along hills. Snyder (2008) found that averaging the two surfaces results in a
more reasonable estimation of the water table surface, as it also incorporates the topography into
the interpolation.
The following process, adopted from Snyder (2008), was used to create the water-table maps and
described below:
•

Water levels were calculated by subtracting depth to water from the top of casing/ground surface
elevation

•

Two EBK surfaces were created independently: one using water level measurements and the
second using depth to water

•

The EBK depth to water surface was subtracted from a 1/3 arc-second digital elevation model
(DEM)

•

The two resulting surfaces were averaged to derive a final water level surface
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4. RESULTS
4.1 Comparison of 2005 Modified TIN Contours and 2005 EBK Surface
The 2005 water table surface was recreated using the EBK method and compared to the
original contours created by combining TIN surfaces and hand contouring (modified TIN
contours). The averaged EBK surface resembles the modified TIN contours. However, the
contours do not match exactly with the EBK surface in some areas due to the high level of
topographic detail that the DEM adds to the EBK surface. Most notably the EBK surface
captures the influence of topography in a way that past attempts at using interpolated surfaces,
with the same data, were not able to (Narsimha, 2007).
There are two areas (A and B – illustrated with hatched contours in Figure 2) indicating
depressions from the modified TIN contours. The EBK methodology was able to delineate these
depressions with exactly the same available data. It also made the mapping process more
efficient by reducing the time and effort to create the water table surface (each surface was
completed in 2 minutes), as well as removing subjectivity and limiting the editing process
involved in estimating areas without sufficient data control. The speed at which the surfaces are
created allows for quick updates if data were to be added or removed.
4.2 Comparison of 2005 and 2015 Water Table Surfaces
After establishing the validity of the methodology by comparing it to the modified TIN
contours, for the 2005 data, the averaged EBK water table elevation surface was created from
2015 data (Figure 3). The 2015 surface was then compared to the 2005 surface to create maps of
water level differences and standard error differences, to visualize changes between the two
surfaces.
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4.2.1 Creation of Difference Maps
The 2005 water level surface was subtracted from the 2015 water level surface to create a
map showing the change in water table elevation between the two surfaces (Figure 4). Blue
shading represents areas where the water levels increased from 2005 to 2015, while the red
shading represents areas where water levels decreased. Areas with no shading had a change of
less than 10 feet, which is the typical range of seasonal fluctuation in the shallow aquifer
(Brahana and Broshears, 1989).
The EBK method provides a surface of the standard error of the estimated surface. A
standard error surface was created from both the 2005 and 2015 data, and a standard error
difference map was created using the same method as the water level difference map (Figure 5).
The standard error surfaces created for each survey are not an actual representation of the error
of the final averaged water table surface, but represents a map depicting the impact of changes in
well control. Areas shaded in green represented an increase in well control in 2015 while areas
shaded in red represented a decrease in well control in 2015.
4.3 Analysis of Changes in Water Table Surface
Although the difference map (Figure 4) indicates many areas of change greater than 10
feet, some of those differences are caused by a change in data coverage and not a change in the
water table. An effort was made in 2015 to measure as many of the original 2005 data point
locations as possible, for duplication purposes as well as to maintain data control, but coverage
was altered due to (1) historical sites no longer being monitored; (2) new historical sites added to
the monitoring network; (3) abandoned/destroyed wells; and (4) some private wells being now
inaccessible. In order to closely analyze the changes between the 2005 and 2015 water level
surfaces, eight areas of interest (AOI) were identified (Figure 6) and described below.
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4.3.1 Loss of Data Control
AOIs 1, 2, 4, and 5 indicate areas where loss of data control is the primary cause for
change in water levels between the 2005 and 2015 water table surface. These areas contain 2005
data points that were not measurable in 2015. AOI 1 contains only one well that was measured in
2005, but it was destroyed prior to the 2015 survey. There are four potential data points
identified in AOI 2 (three of which were measured in 2005), which could not be re-measured in
2015 due to: (1) inaccessibility because of bridge construction; (2) a perched aquifer well at a
UST site; (3) a property owner denying access to their private well; and (4) a well was not
maintained and was unable to be measured. AOI 5 contained two bridge crossings that were dry
and one private well where the property owner denied access. The impact of losing the data
related to these bridge crossings and private well was greater due to their proximity to the eastern
survey boundary and their large influence on interpolation.
AOI 4, located east of a known window at the former Shelby County Landfill at Shelby
Farms (Bradley, 1991; Parks and Mirecki, 1992; Gentry et al., 2006; Larsen et al., 2012),
contains the largest area of decline (approximately 40 feet) between the 2005 and 2015 water
table surfaces. Measured water level elevations do not vary more than 2 feet between the 2005
and 2015 surveys in AOI 4; however, a decline of approximately 40 feet can be identified in the
difference surface, which is greater than the natural variability documented in the water table
aquifer (Brahana and Broshears, 1989; Parks, 1990). The three 2005 data points in AOI 4 (Figure
6) were historical sites, which were no longer monitored from 2010 to 2015. The 40-foot change
in water level is due to the loss of well control in an area where the hydraulic gradient of the
water table aquifer is influenced by the relief in topography and the presence of a window in the
confining unit near the landfill. The correlation between water level elevations and surface
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elevation is altered in areas near windows due to the local depressions in the water table, making
the spatial distribution of collected data in the window areas vital to producing an accurate
surface.
4.3.2 Lack of Data Control
AOI 3 is an area that lacks consistent data control for both the 2005 and 2015 water level
surveys, and thus needs a more consistent coverage of monitoring wells. Due to its proximity to
the Allen, Mallory and Sheahan Memphis Light, Gas and Water (MLGW) well fields and to the
confining unit window located on its southeast border (Graham and Parks, 1986; Parks, 1990;
Ivey et al., 2008), the lack of data points resulted in abnormal variability in the water table
surface, which potentially hindered the ability to define windows in the area. With the exception
of the wells located in the MLGW well fields, data points used in the area surrounding AOI 3
were historical sites. This is a good example demonstrating the need for additional wells in areas
that lack dedicated monitoring wells and the unreliability of historical sites for future surveys.
4.3.3 Change of Data Control
AOIs 6, 7, and 8 reflect water level changes due to variations in data control. AOI 6
gained 1 new historical site in 2015, but lost 2 historical sites and 1 well since 2005 (Figure 6).
The mapped decrease in water level can be attributed to the loss of a high 2005 water level
measurement (295.16 feet) and the addition, at a nearby location, of a lower water level
measurement (267.27 feet) in 2015. A 2005 historical site was still actively being monitored at
the time of data collection for the 2015 survey, but had been switched to a biannual monitoring
schedule sampling in December and June. The water level for June 2014 was 295.23 feet, nearly
identical to the 2005 measurement, but because it was not taken during the studied time frame
(mid-September to mid-November), it was not included in the analysis.
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AOIs 7 and 8 lost key data points located near the southern boundary of the study area,
resulting in water level changes of 40 and 70 feet, respectively. Both AOIs experienced increase
in data control, but those data points that were lost happened to represent a local minimum and
maximum in the water table. Therefore, the loss of data at these locations had a significant
impact on the 2015 water table surface.
5. CONCLUSIONS
In total, 239 water level measurements were collected in 2015, including 122 wells, 55
bridges, and 62 historical locations. Based on the water-table map produced for 2015 using the
EBK methodology, the configuration of the water table has not changed significantly since the
2005 study. The average change in water level elevation for measured locations is less than 0.5
feet (Table 2). The levels at bridges and wells varied from their 2005 measurements much less
than those at the historical sites; this is attributed to the fact that different well(s) were used for
each historical site during the 2015 WLS. Depressions in the 2015 water table coincide with the
known windows in the confining unit, or with those depressions that were already identified in
2005 that are shown in the map.
The significant changes in water table elevation between the 2005 and 2015 surfaces are
not the result of physical changes in measured water levels, but rather reflect changes in data
coverage. Although it was necessary to use historical sites to fill data gaps, the varying
availability of such sites at any given point in time makes it nearly impossible to have consistent
coverage. A way must be found to ensure that water level measurements at these sites continue
into the future, or else ulterior water table surface maps will keep suffering from the same
variability.
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The methodology used in the 2015 WLS was designed to make future mapping projects
more efficient. By replacing the modified TIN contouring method used in 2005 with the new
EBK averaging methodology, the mapping time of the water table surface was greatly reduced.
Mobile data collection allowed for data points to be updated in a single geodatabase with
corrected spatial information as well as photograph attachments. Going forward, the most vital
aspect of this project will be data availability and consistency. In the event that funds become
available to drill new wells or maintain existing ones, this study can be used to identify those
areas which would benefit the most from improved data coverage
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APPENDIX
A. Tables
Table 1. Geologic and hydrostratigraphic units underlying Shelby County, Tennessee. Adapted
from Graham and Parks (1986) with modifications from Waldron et al. (2011).
Series

Group

Holocene
and
Pleistocene

Pleistocene

Pleistocene
and
Pliocene (?)

Eocene

Stratigraphic
unit

Hydrostratigraphic
unit

Thickness
(m)

0-53

Alluvium

Shallow
(Alluvial)
aquifer

Loess

Leaky
confining unit

0-20

Shallow
(Fluvial)
aquifer

0-30

Fluvial terrace
deposits

Claiborne

Jackson
Formation
Cockfield and
Cook
Mountain
Formations
Memphis
Sand

Eocene?

Wilcox

Paleocene

Midway

Flour Island
Formation

0-110
upper
Claiborne
confining
layer

Memphis
aquifer
Flour Island
confining
layer

Fort Pillow
Sand

Fort Pillow
aquifer

Old
Breastworks
Formation

Old
Breastworks
confining
layer

152-271

49-94

38-93

55-107
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Lithology

Sand, gravel, silt, and clay. Underlies the Mississippi
alluvial plain and alluvial plains of tributary streams
in western Tennessee. Thickest beneath the alluvial
plain, where commonly between 30.5 and 45.7 meters
thick; generally less than 15.2 meters thick elsewhere.
Silt, silty clay, and minor sand. Principal unit at the
surface in upland areas of western Tennessee.
Thickest on the bluffs that border the Mississippi
alluvial plain; thinner eastward from the bluffs.
Sand, gravel, minor clay and ferruginous sandstone.
Generally underlies the loess in upland areas, but
locally absent. Thickness varies greatly because of
erosional surfaces at top and base.
Clay, silt, sand, and lignite. Because of similarities in
lithology, the Jackson Formation and upper part of the
Claiborne Group cannot be reliable subdivided based
on available information. Most of the preserved
sequence is the Cockfield and Cook Mountain
Formations undivided.
Sand, clay, and minor lignite. Thick body of sand
with lenses of clay at various stratigraphic horizons
and minor lignite. Thickest in the southwestern part
of the Memphis area; thinnest in the northeastern part.
Clay, silt, sand, and lignite. Consists primarily of
silty clays and sandy silts with lenses and interbeds of
fine sand and lignite.
Sand with minor clay and lignite. Sand is fine to
medium. Thickest in the southwestern part of the
Memphis area; thinnest in the northern and
northeastern parts.
Clay, Silt, Sand, and lignite. Consists primarily of
silty clays and clayey silts with lenses and interbeds
of fine sand and lignite.

Table 2. Statistics of water level measurements taken in both 2005 and 2015

Count

Bridges
46

Wells
104

Historical
8

̅̅̅̅̅̅̅
∆𝑾𝑳

-0.22 ft

-0.15 ft

-0.45 ft

|̅̅̅̅̅̅̅̅̅
∆𝑾𝑳|
σΔ

0.74 ft

1.84 ft

3.08 ft

1.763 ft

2.755 ft

4.304 ft

B. Figures
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Tennessee

Figure 1. Data points and their collection status symbols within Shelby County, TN.

20

A

A

B

B

Figure 2. Detailed view of the 2005 EBK water table surface and modified TIN contours. Dashed contours are estimated. Hatched
contours indicate depression.
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Figure 3. 2015 water table elevation surface created using the EBK averaging methodology.
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Figure 4. Water level difference between 2005 and 2015. Blue indicates areas of higher water
levels in 2015, while red indicates areas of lower water level in 2015.
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Figure 5. Standard error difference map. Green indicates that the standard error in 2015 was
lower than in 2005. Red indicates that the standard error was higher in 2015.
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Figure 6. Identified areas of interest (AOIs).
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